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Abstract
Climate change will likely affect several of the dimensions that determine people’s food
security status in Bangladesh, from crop production to the availability and accessibility of
food products. Crop diversification is a form of adaptation to climate change that reduces
exposure to climate-related risks and has also been shown to increase diet diversity,
reduce micronutrient deficiencies, and positively affect agro-ecological systems. Despite
these benefits, the level of crop diversification in Bangladesh remains extremely low,
requiring an examination of the factors that support uptake of this practice. This paper
explores whether women’s empowerment, measured using the Women’s Empowerment
in Agriculture Index (WEAI), leads to increased diversification in the use of farmland.
Our results reveal that some aspects of women’s empowerment in agriculture, but not all,
lead to more diversification and to a transition from cereal production to other crops like
vegetables and fruits. These findings suggest a possible pathway for gender-sensitive
interventions that promote crop diversity as a risk management tool and as a way to
improve the availability of nutritious crops.
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1 Introduction
Despite recent reductions in poverty, food insecurity and malnutrition remain serious problems
in Bangladesh. As of 2014, a quarter of the population, 40 million people, were food insecure
and 11 million of them suffered from acute hunger (Osmani et al. 2016). Remarkably high
levels of stunting are observed in children under the age of five, with 36% suffering from
chronic malnutrition and 14% from acute malnutrition (USAID 2018).
It is in this challenging context that climate change will take place with potentially
significant adverse effects for the agriculture sector. The existing literature indicates that
climate change will affect people’s food security and livelihoods by deteriorating the general
conditions in which farmers operate and by reducing the availability of food products. In
particular, climate change is expected to adversely reduce rice production in each of the
country’s three growing seasons and have significant negative impacts on fisheries due to
the increased intensity and frequency of extreme events, such as coastal cyclones and flooding
(Ruane et al. 2013; Ara et al. 2016). In addition to the direct effects on crop productivity,
climate change will also affect the nutritional value of food products (Fanzo et al. 2017).
Consequently, Bangladesh’s geographical exposure and intensive rice monoculture make it
one of the most vulnerable countries in the world to climate change.
A rich body of literature explores the strategies that farmers can use to cope with climate
change (FAO 2017; Owen 2020) and climate adaptation is already underway in Bangladesh,
particularly in the drought-prone areas where farmers have recently begun to change cropping
systems and calendars, crop varieties, and agronomic practices, and started adopting improved
animal husbandry (Kabir et al. 2017). We focus on crop diversification as a form of adaptation.
Crop diversification refers to those ecologically diversified production systems that depart
from monocropping and single cereal-based farming systems. The leading advantage of crop
diversification is the redundancy that different species build into the production system
(Vandermeer et al. 1998; Lin 2011). The different sensitivity of multiple species to environ-
mental fluctuations means that effects of the failure or underperformance of one crop can be
mitigated by the performance of another. In combination with agricultural practices, such as
rotations, intercropping, and agroforestry, crop diversification has the potential to increase
productivity, improve farmers’ livelihoods, increase biodiversity, and support the provision of
ecosystem services (Asfaw et al. 2019; Tittonell et al. 2016; McCord et al. 2015). In several
contexts, diversified cropping systems have indeed been found to be more robust, better suited
to cope with future climate risks (Werners et al. 2007; Smit and Skinner 2002), and capable of
stabilizing and increasing income from production under climatic shocks (Makate et al. 2016).
There are other possible benefits generated by crop diversification that contribute to the
broader capacity of a household to adapt to climate change, particularly in the presence of
poorly functioning markets. Among these benefits are increasing opportunities to engage with
local markets because of the greater variety of farm products (McCord et al. 2015; Keleman
et al. 2013), a potential for greater dietary diversity (Fraval et al. 2019; Bellon et al. 2016), and
reduced micronutrient deficiencies and malnutrition (Carletto et al. 2015; Islam et al. 2018).
Despite all these benefits, crop diversification must be evaluated carefully in the context in
which it takes place. The efficient production and sale of staple or cash crops can improve
households’ incomes with the ultimate effect of increasing adaptation capacity and diversify-
ing and stabilizing consumption (Darrouzet-Nardi and Masters 2015; Passarelli et al. 2018). In
some contexts, diversification can lead to inefficiencies and losses in dietary diversity due to
foregone income (Sibhatu et al. 2015). Yet, in a recent study on rural livelihoods across sub-
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Saharan Africa, Fraval et al. (2019) recommend that interventions designed to improve food
access through income generation should also promote crop and livestock production
diversity.
An important and growing area of inquiry is related to women's participaton in climate
change adaptation efforts and particularly to the role of women's empowerment. Knowledge
about the effects of climate change on women (Jost et al. 2016; Chanana-Nag and Aggarwal
2020) and their vulnerable status (Perez et al. 2015; Huyer et al. 2015) is mounting. However,
while it is now established that gender-related barriers can limit households’ capacity to adapt
to climate change (McKinley et al. 2018; Huyer and Partey 2020), more attention must be
given to women’s active role in adaptation. Women’s empowerment is documented to
influence agricultural technical efficiency and spending choices, the sourcing and preparing
of foods, diet quality and dietary diversity, and households’ nutrition outcomes (Seymour
2017; Ruel et al. 2018; Seymour et al. 2019). The use of the Women’s Empowerment in
Agriculture Index (WEAI)—an index-based approach to measuring women’s agency and
involvement in agriculture—has enabled a deeper examination of the linkages between
empowerment and development outcomes (Alkire et al. 2013).
This paper explores the relationship between women’s empowerment and crop diversifi-
cation. While diversification plans in Bangladesh already include expanding areas allocated to
wheat and maize at the expense of rice, we are particularly interested in non-cereals given their
contribution to climate change adaptation for reasons that go beyond direct effect on incomes.
Growing vegetables and fruits would add physiological diversity in the field providing
additional protection against climate change risks and would have positive implications for
diets and nutrition. In many countries it is common to find that men and women traditionally
control different crops. The conventional wisdom is that men, being responsible for the family
income, grow cash and export crops, while women, who are responsible for feeding the family,
prefer to grow crops that satisfy the household’s needs (Safilios-Rothschild 1990; Carr 2008).
It is generally difficult to discern whether women grow different crops due to insufficient
access to land, resources, and information; or because of time constraints; or due to differences
in preferences compared to men (Doss 2002). We do not resolve this dispute, but by
investigating the connection between women’s empowerment and crop diversification, we
open additional areas of inquiry about the role of women in climate change adaptation and
reveal intervention pathways relevant to reaching greater levels of adaptation.
2 Background and context
Records show that in Bangladesh from 1948 to 2011, yearly mean temperatures have risen by
0.64 °C. Temperatures in the pre-monsoon and monsoon seasons rose by 6 and 11%,
respectively (Ahasan et al. 2010; Bari et al. 2016), and projections based on several global
circulation models indicate this trend is expected to continue. Mean temperatures are projected
to increase about 1.4 °C by 2050 and 2.4 °C by 2100 from the 1960 baseline (USAID 2012). A
survey of four different climate models (De Pinto et al. 2017) reveals that by 2050, changes in
the mean daily maximum temperature of the warmest month—one of the standard indicators
of potential heat stress for agriculture—are projected to range from 1.9 to 4.7 °C nationally and
changes in mean annual rainfall from 164 to 352 mm.
Changes in growing conditions are expected to have significant effects on crop production.
Simulations obtained using a crop model (DSSAT, Jones et al. 2003) and four different climate
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models show that the effects on yields of all major crops are generally negative, although the
magnitude of the effects varies across crops (De Pinto et al. 2017). In addition, by being
located in a predominantly low-lying region at the intersections of the Ganga, Meghna, and
Brahmaputra rivers, Bangladesh is one of the most vulnerable countries to flooding due to a
combination of storm surge, sea level rise, and higher precipitation (Karim and Mimura 2008).
Flooding is not the only threat to agricultural production; salinization from intruding sea water
in coastal areas also limits crop yields and reduces agricultural land availability (Rabbani et al.
2013). The combination of reduced yields and flooding is also expected to have an overall
negative impact on land value (Hossain et al. 2020).
In contexts, such as Bangladesh, where rice monocropping is predominant, crop diversifi-
cation has the potential to help with adaptation on multiple fronts, including improving diets
and people’s nutritional status (Headey and Hoddinott 2015). Crop diversification is an
important component of agricultural policies in Bangladesh and is recognized as a mechanism
for improving food and nutrition security, relieving pressure on the environment and promot-
ing economic growth and rural development (Rahman 2009; Akanda 2010; Islam and Ullah
2012; Islam et al. 2018). Despite the policy support from the government, the level of crop
diversification in the country increased only slightly between 1970 and 2010 (Islam and
Rahman 2012; Islam and Hossein 2015). A few studies have identified the reasons for such
low uptake. High input cost, high volatility in market opportunities, susceptibility to pests, and
irrigation systems geared to rice production are all barriers to greater diversification (Metzel
and Ateng 1993; Mahmud et al. 1994). Rahman (2004) also found that current levels of
education, experience, and farm asset ownership affect the propensity of farmers to diversify.
A robust literature exists on the factors influencing household-level responses to climate
change. Increasingly, this literature delves into how gender relations shape household-level
responses (Jost et al. 2016; Twyman et al. 2014). Bryan et al. (2017) highlight four types of
gender differences that are likely to affect how households adapt to climate change: prefer-
ences for technology and investment options; household roles and responsibilities; access to
resources (including information, assets, financial capital, natural resources, and labor); and
institutions (including group membership, market access, and social norms). Studies of the
gender dimensions of climate change adaptation in Bangladesh find that women face greater
vulnerabilities due to climate change and have more limited adaptive capacity (Ahmad 2012).
Despite these challenges, women do participate in climate change adaptation in distinct ways
when they have access to information and social networks, typically through NGO programs
(Khalil et al. 2019). Women’s preferences for climate-smart practices tend to relate to their
gendered roles in agriculture, such as homestead garden production, livestock care, grain and
food preservation and storage, and planting roadside trees (Chaudhury et al. 2012; Corcoran-
Nantes and Roy 2018).
Gender relations in Bangladesh are highly patriarchal, and women often lack access to
resources and remain dependent on men for their basic needs (Kabeer 2011). Norms in the
country largely limit women’s economic and agricultural activities to those tasks that can be
carried out around the homestead, most often subsistence farming or post-harvest processing,
for which they receive no remuneration (Heintz et al. 2018). Despite the existence of laws
granting women the right to own and inherit land, the transmission of property through the
male line often persists in practice, resulting in women being largely excluded from landown-
ership (Kieran et al. 2015). Women’s access to and control over income, assets, credit,
agricultural inputs, and extension services are also severely limited (Quisumbing et al.
2013). Nonetheless, in recent years, new pathways for women’s empowerment have emerged
Climatic Change
thanks to increases in opportunities outside the home in new industries, such as garment
factories (Heath and Mobarak 2015; Mottaleb and Sonobe 2011), greater engagement in
agricultural wage labor (Bangladesh Bureau of Statistics (BBS) 2018), and the expansion of
women’s social networks through community groups (Kabeer 2017). These recent advance-
ments highlight the importance of exploring the role of women’s empowerment in the context
of climate change.
3 Methods
Economists have borrowed metrics from biology and ecology to quantify crop diversification.
Among the most common are those based on Shannon’s entropy measure and on the Simpson
index (also known as the Herfindahl index). Indexes based on Shannon’s entropy
(H ¼ − ∑
J
i¼1
silnsi, where s is the share of farmland allocated to a particular crop or crop
category and i indicates one of the 1…. J possible crops or crop categories grown by farmers)
can be used to measure the diversity and evenness of observed land allocations. Other indexes




the proportional abundance of a series of crops but puts a greater emphasis on dominant crops
(see Magurran 2004 for a review of measures of diversity).
These indexes can be used to explore the relationship between women’s empowerment and
crop diversification using many different econometric techniques, including simple ordinary
least square (OLS). However, there are limits to the insights gained by investigating crop
diversification using such methods since the index hides the possible transitions across crops
that lead to an increase or decrease in diversification. Alternative approaches can provide
greater insights into the changes in land allocations that lead to changes in crop diversification.
With this in mind we build a behavioral economic model of farmland allocations, the
underlying parameters of which can be estimated using a discrete choice model. Discrete
choice models are econometric models particularly suited to handle decision-making process
that produce discrete or categorical outcomes and have been used before in analyses of
farmland allocations (Wu and Segerson 1995; Carpentier and Letort 2014; De Pinto et al.
2019).
We consider an agricultural production system in which each one of the n households can
allocate their land of size A to a series of J competing different crops. Producers are risk-neutral












aj ¼ A ð1Þ
where aj is the area allocated to crop j, Πj is the plot-level gross profit for that crop, and C
identifies the household-specific acreage management costs, which act as binding constraints
on acreage choices and capture the effects of limiting quantities of quasi-fixed inputs
(Carpentier and Letort 2014). The acreage management costs are dependent on a combination
1 We assume that profits are a sufficient proxy for all the benefits that households derive from farming their land.
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of factors that can affect the monetary and non-monetary costs of managing alternative crop
allocations. These factors include quasi-fixed inputs, such as agricultural machinery, that can
limit the land that can be devoted to a given crop, incompatible planting and harvesting dates
of alternative crops, and women’s time constraints, which create potentially large differentials
in the opportunity cost of alternative crop allocations.
Thus, there is an optimal area allocation a*j ¼ F Π;C;A½  to each use that solves the farmer’s
utility maximization problem.2 We assume that a*j ¼ F Π;C;A½  can be expressed as




¼ f Π;C;A½  ð2Þ
Note that since ∑
J
j¼1
aj ¼ A, it follows that ∑
J
j¼1
s j ¼1. The outcome of the utility maximization
process, i.e., farmland allocations, is observable either through remote sensing or recorded in
household surveys, and it allows us to set up the problem in terms of choice probabilities as
follows. The probability that a farmer chooses to grow a particular crop j is given by Pj =
Pr (Uj >Ui ∀ j ≠ i) which can be rewritten in terms of the share s of farmland allocated to use j:
s j ¼ 1A A*Pr U j > Ui∀ j≠i
  
. Acknowledging thatU = V + ξwhere V represents a knowable-
by-all component of the utility function while ξ is known to the farmer but unobserved by the
researcher and assuming that ξ has an iid Type 1 EV distribution, then the probability of
observing sj is given by a multinomial logit (MNL) formula:
s j ¼





exp E V j
   ð3Þ
and, given our modeling settings, the optimal share allocation function can be written as:
s*j ¼





exp f Π j;C;A
   ð4Þ
For our modeling purposes, we group the j crops into broad crop categories, cereals, vegeta-
bles, and fruits, while cash crops are lumped into an additional category that includes all other
uses (Table 1). These broad categories are based on the role that crops play in Bangladeshi
agriculture and their different physiological and nutritional characteristics. Our increasing
understanding of the importance of fruit consumption in healthy diets (Springmann et al.
2016), particularly in the presence of climate change, motivates our decision to dedicate a
category to fruit crops. The grouping of the cash crops together with other uses is for modeling
reasons. Our model estimation relies on identifying a stream of monetary benefits for all land
2 We drop the household subscript for readability.
3 Wu and Segerson (1995) assume that the land use function a*j ¼ F Π;A½  is linear homogenous of degree one
in area. However, this assumption is not necessary to obtain a*j ¼ A*F Π;A½ , and by retaining total farm size
among the arguments of the optimal share function, one can in principle account for differences risk-spreading
decisions available to farmers that manage farms of different sizes and the potential effect of economies or
diseconomies of scale.
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allocations, but our dataset only provides information about the gains accruing from crop
production. By joining cash crops with other uses, we assume that the benefits generated by
these crops are a sufficient proxy for those generated by all other land utilizations. We
experimented with alternative land categorizations. For example, in one specification, we
swapped the role of fruit crops and other crops. Fruit crops were included in the “other uses”
category, while cash crops were modeled with a dedicated category, as in the case of cereals
and vegetables. This change did not significantly alter qualitatively the estimated parameters.
The empirical analysis begins by looking at the direct relationship between women’s
empowerment and crop diversification using an OLS regression (model 1). In this regression,
the dependent variable is a crop diversification index based on Shannon’s entropy that
considers that share s of each crop category normalized by the natural logarithm of the total





lnJ ) so that the value of the function is bounded
below by zero and above by unity. We explored the use of other indexes like the Simpson
index, but there are no substantial differences in the results obtained using these alternatives.
To understand with more specificity how women’s empowerment might affect land
allocations and potentially draw land away from the highly predominant cereal production,
we use the fractional MNL model implied by Eq. 4. To estimate this model, we assumed that
the optimal share function for each crop can be approximated by a linear-in-parameter
combination of explanatory variables (see the appendix for an example of this linearization)
such that ln s jns0n
 	
¼ β jX jn þ ξ j, where Xjn is a vector of explanatory variables, βj is a vector
of parameter to be estimated, ξj is an error term, and the subscript 0 in s0 indicates a reference
crop category.
The parameters βj are estimated using a pseudo-maximum likelihood method as proposed
by Mullahy (2015). Given the optimal share allocation function s*j (Eq.Undefined control
sequence \varPi4), and the observed land allocations sOjn
 	
, the quasi-log-likelihood function









j X ;βð Þ ð5Þ
We refer readers to Mullahy (2015) for the calculation of the score equation and the
parameters’ asymptotic variance.





Proportion of total area owned or operated by
farmer
0.66 0.09 0.08 0.005 0.165
Proportion of land with female decision-makerA 0.09 0.12 0.09 0.11 –
ABased on the question, “Generally, who takes decision regarding type of crop to be planted?” with response
structure allowing for reporting of up to 3 household members
Source: 2015 BIHS, Authors’ calculations
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4 Data
The data used for our analysis comes from the Bangladesh Integrated Household Survey
(BIHS), collected in 2015 under the supervision of the International Food Policy Research
Institute (IFPRI 2016). Covering the 2015 crop year, the survey provides information on land
allocations among crops and crop-specific revenues, but only limited information about costs
of production. It covers 6500 households and is statistically representative of rural Bangladesh.
The BIHS provides information on crop-specific land allocations and revenues for each of the
three growing seasons: Kharif 1 (mid-March to mid-July), Kharif 2 (mid-July to mid-Novem-
ber), and Rabi (mid-November to mid-March). A significant number of farmers do not report
any planted area in the survey, and another key information for the regression is at time
missing (e.g., information on women empowerment or on crop area, prices and production
costs). Excluding households that do not own or operate farmland and those with the missing
information, the sample size used for the empirical analysis is 3010 households.
4.1 Land allocation
Recorded land allocations are based on the primary crop grown on the plot. Table 1 shows land
allocation proportions by large crop categories, as well as allocations to land used for non-
agricultural purposes. Given that it is common practice in Bangladesh for crops to be grown
year-round, we aggregate across the three growing seasons. Thus, the denominator for the land
allocations in Table 1 is the total land owned or operated by a farmer during the 2015
agricultural year. The survey indicates that sampled farmers on average allocate 66% of their
land to cereals. Vegetables occupy 9% of land, other crops (mostly cash crops, such as jute or
sugarcane) account for 8%, and fruits less than 1%. However, when present on the farm, cash
crops and fruit crops occupy a similar percentage of farmland, about 30%.
According to the survey (Table 2), about 17% of total land area is not in some agricultural
use. This is likely an overestimation because the BIHS’ agriculture production module
excludes questions on homestead gardening and does not collect information about the crops
Table 2 Breakdown of land used for non-agricultural purposes














Homestead 271.83 270.52 0.43 0.24 1.00 0.00
Cultivable/arable land 573.87 33.69 387.58 0.50 0.06 0.68
Pasture 2.14 1.83 0.20 0.00 0.86 0.09
Bush/forest 36.44 34.03 0.68 0.03 0.93 0.02
Waste/non-arable land 23.04 20.83 1.43 0.02 0.90 0.06




4.07 1.81 0.06 0.00 0.45 0.01
Cultivable pond 154.13 4.26 1.70 0.13 0.03 0.01
Derelict pond 15.49 12.58 0.36 0.01 0.81 0.02
Garden (wood/fruit) 22.60 14.36 0.49 0.02 0.64 0.02
Floating pond 0.06 0.00 0.00 0.00 0.00 0.00
Only for seed bed 20.01 1.76 0.23 0.02 0.09 0.01
Source: 2015 BIHS, Authors’ calculations
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grown on pieces of land rented or leased out to other farmers. Non-agricultural land can largely
be attributed to land currently kept fallow and non-arable, derelict, or commercial/residential
land.
4.2 Prices, productivity shifters, and management costs
The 2015 BIHS reports crop-specific farm-gate prices, the cost of hired labor, and the unit cost
of fertilizers. We control for household-specific factors that can affect productivity by using
the reported value of off-farm revenues and the highest level of education achieved in a
household. To control for the implicit acreage management cost, we include the number of
household members which can affect the availability of labor, the value of farming tools and
machinery present on the farm (value of agricultural assets), and the total size of the household
landholdings. In addition, to control for gender-specific effects, we include metrics derived
from the WEAI.
4.3 Women’s empowerment in agriculture index
The WEAI is a survey-based index collected from the primary male and female decision-
makers within the same households to measure respondents’ empowerment across five
domains (production decision-making, control over resources, control over income,
leadership, and time allocation) within the agriculture sector (Alkire et al. 2013). We use four
variables derived from the WEAI. The first is the empowerment score, which is an aggregate
Table 3 Descriptions of the indicators in the Women’s Empowerment in Agriculture Index
Domain Indicator Description Weight
Production Input in productive
decisions





Decisions about agricultural production reflect his or her own
beliefs and values, rather than external pressures (e.g.,
punishment or social disapproval)
1/10
Resources Ownership of assets Sole or joint ownership of land and assets (e.g., large and small
livestock, fishponds, farm equipment, house, household











Access to and participation in decision-making over credit 1/15
Income Control over use of
income
Sole or joint control over income and expenditures 1/5
Leadership Group membership Respondent is an active member in at least one economic or social
group (e.g., agricultural marketing, credit, water users’ groups)
1/10
Speaking in public Respondent is comfortable speaking in public concerning various
issues such as intervening in a family dispute, ensuring proper
payment of wages for public work programs, etc.
1/10
Time Workload Time poverty (i.e., excessive workloads) with respect to productive
and domestic tasks
1/10
Leisure Satisfaction with available time for leisure activities 1/10
Source: Alkire et al. (2013)
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measure of empowerment based on ten weighted indicators across the five domains (see
Table 3 for detailed descriptions and weights). Each indicator takes a value of one if a woman
achieves adequacy according to cut-offs defined by Alkire et al. (2013) or zero otherwise.
Since previous studies have found that different aspects of women’s empowerment can
have opposite effects on nutrition and education outcomes (Malapit et al. 2019), we examine
the influence of three variables derived from sub-components of the WEAI (ownership of
assets, group membership, and input in productive decisions). The first represents the number
of productive assets for which the woman reports having sole or joint ownership. The second
shows whether the respondent participates in at least one economic or social group in their
community. The third is the proportion of agricultural activities for which the woman reports
having input into most or all of the decisions. Greater asset ownership and participation in
groups were chosen because previous studies have suggested that these indicators represent the
largest gaps in women’s empowerment in the context of Bangladesh (Sraboni et al. 2014). We
included the indicator for women’s involvement in agricultural decision-making given that this
may directly influence household decisions about farm diversity.
Table 4 provides an overview of the explanatory variables used in the models and their
descriptive statistics.





Price cereals (taka) 16.21 16.51 1 taka is approximately
US$0.012
Price vegetables (taka) 49.99 47.30
Price fruits (taka) 13.41 14.24
Price other crops (taka) 42.38 38.76
Input prices
Annual cost of labor (taka) 296.29 69.69
Annual cost of fertilizers (Urea) (taka) 18.19 1.56
Productivity shifters
Off-farm revenues (taka) 52,756.27 132,880.29
Highest level of education 3.48 3.85 Highest school grade attended
by the head of the household
Acreage management costs
Number of household members 5.23 2.00
Value of farm assets (taka) 4727.81 4989.79
Farm size (hectare) 0.62 0.75
Women’s empowerment
Empowerment score 0.69 0.19
Proportion of household economic activities for
which woman (solely or jointly) make decisionsA
0.38 0.35
Proportion of major household assets that are
(solely or jointly) owned by womenB
0.362 0.25
Number of groups women belongs to 0.29 0.55
Source: 2015 BIHS, Authors’ calculations
A Includes decisions related to the following activities: food crop farming, cash crop farming, livestock raising,
non-farm economic activities, wage and salary employment, and fishing/aquaculture
B Includes the following assets: agricultural land, large livestock, small livestock, poultry, fishpond/fishing
equipment, mechanized farm equipment, and house (and other structures)
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5 Results
The OLS regression only partially sheds light on the determinants of crop diversification. The
parameter estimates of Model 1 (Table 5) for the effect of crop prices on diversification
generally meet our expectations. An increase in the price of vegetables and of other uses leads
to greater diversification while an increase in the price of cereals has the opposite effects.
However, only the price of vegetables is statistically significant. Surprisingly, an increase in
the price of fruits appears to lower diversification but the parameter is statistically insignificant.
Two more variables appear to lead to greater diversification: farm size and value of farm
assets. The effect of increasing the farm size is somewhat expected, and the parameter estimate
is statistically significant. All the remaining variables seem to reduce crop diversification. Most
importantly, the parameter for the composite women’s empowerment score is negative and
indicates that an increase in women empowerment does not lead to greater crop diversification.
However, this estimate is not statistically significant.4
We now turn to the results of the fractional MNL model, estimated using two specifica-
tions: one that uses the composite women’s empowerment score (model 2) and one that uses 3
selected sub-indicators (model 3).5 Table 6 reports the average marginal effects (AMEs), i.e.,
how a unit change in one variable (ceteris paribus) changes allocation choices, because they
are simpler to interpret than the parameter estimates. AMEs are calculated as the average of the
marginal effect calculated for each observation.
Across the two specifications, the signs of the AMEs are consistent, and the estimates for
the crop price, for which we have strong prior hypotheses, meet our expectations. An own-
price increase leads to an increase in the land allocated to cereals, vegetables, and fruits. There
are qualitative differences in the effects that some estimated parameters have on diversification
between OLS and multinomial logit models. Most of the variables, however, including
education level, household size, the value of farm assets, off-farm revenues, and the prices
of urea and labor, confirm the findings of the OLS estimation.
Interestingly, the AME that links women’s empowerment to crop diversification in model 2
appears to support the OLS finding. Model 2 shows that an increase in the women’s
empowerment score is associated with an increase in land allocated to fruits but also to cereals.
Given that most of the farmland is already allocated to cereals, the result is an even higher
concentration of land in cereal production and a decreased crop diversity. Only the AME for
fruits is statistically significant, but taken together, models 1 and 2 suggest that, in the
aggregate, women’s empowerment does not lead to greater crop diversification.
Model 3 reveals a more complex picture and shows that different components of women’s
empowerment have opposite effects on land allocation decisions. Two aspects of women’s
empowerment appear to drive greater crop diversification: women’s participation in agricul-
tural decisions and women’s participation in community groups. As women’s role in decision-
making increases, less land is allocated to cereals and more land is allocated to vegetables and
fruits (parameter estimates are statistically significant for cereals and fruits). A similar,
statistically significant, result is found for women’s group membership. Women’s participation
in economic or social groups appears to favor a greater allocation of land to vegetables and
fruits and less to cereals. On the other hand, the AMEs for the assets-controlled-by-women
4 A similarly non-statistically significant result is found when the model is estimated using the three components
of women’s empowerment.
5 We used a Hausman test to evaluate if our specification suffered from the IIA assumption. The results of the test
indicate that the IIA assumption is not violated
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Table 5 Parameter estimates for the OLS regression (model 1)
Parameters Estimates
Intercept 0.7286
Output price—cereals − 0.0002
Output price—vegetables 0.0013***
Output price—fruits − 0.0012
Output price—other uses 0.0008
Labor price − 0.0005***
Urea price − 0.0067*
Off-farm revenues − 0.0010**
Highest education level − 0.0010
Number of household members − 0.0019
Value of farm assets 0.0147
Farm size 0.0177**
Empowerment score − 0.0397
Observations 3010
R2 0.2505
Significance codes: (***) 0.001; (**) 0.01; (*) 0.05
Table 6 Average marginal effect estimates for the two multinomial logit models (reference category is “other
uses”)
Model 2 Model 3
Cereals Vegetables Fruits Cereals Vegetables Fruits
Crop Price 0.0057*** 0.0014** 0.0004*** 0.0058*** 0.0013** 0.0004 **
Labor price 0.0720*** − 0.0277*** − 0.0031 0.0739*** − 0.0290*** − 0.0033
Urea price 0.0096*** 0.0005*** − 0.0008 0.0096*** 0.0003*** − 0.0007
Off-farm revenues 0.0005 − 0.0005 − 0.0007 0.0006 − 0.0006 − 0.0006
Highest education level 0.0007*** 0.0004 *** 0.0002 0.0008*** 0.0004*** 0.0002
Number of household
members
0.0046 − 0.0017 − 0.0014** 0.0045* − 0.0019 − 0.0014***
Value of farm assets − 0.0038*** 0.0028 0.0003*** − 0.0037*** 0.0027 0.0003***
Farm size 0.0072 − 0.0105 0.0019*** 0.0060 − 0.0099* 0.0019***






– – – − 0.0199** 0.0091 0.0018*
Number of groups
women belongs to
– – – − 0.0132 0.0124** 0.0033***
Proportion of major
household assets that
are (solely or jointly)
owned by woman
– – – 0.0199* − 0.0299** 0.0053
Observations 3010 3010
R2 – –
Log-Likelihood − 1987.573 − 1983.071
Source: Authors’ calculations
Significance codes: (***) 0.001; (**) 0.01; (*) 0.05
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variable suggest that as women’s share of household assets increases, more land is allocated to
cereals and fruits and less land is allocated to vegetables. As explained earlier, given the
existing predominance of cereals, this is equivalent to a reduction in crop diversification.
Several further insights are provided by the MNL specifications. These can be particularly
useful for those aspects of adaptation related to the health of households that rely on the
consumption of on-farm products for their vitamin and micronutrient intake or on the
availability in local markets of foods rich in nutrients. An increase in labor costs appears to
discourage the allocation of land to both vegetables and fruits, leading to an even greater
concentration on cereals. A similar effect is estimated for increasing off-farm revenues and
household size. An increase in the value of farm assets has the opposite effect, leading farmers
to shift land away from cereals in favor of vegetables and fruits. Higher levels of education
appear to favor an increase in allocation of land to vegetables and fruits even though the
overall effects on crop diversification is to decrease it.6
6 Discussion and conclusion
The results suggest a complex association between women’s empowerment and crop diversifi-
cation. Although the relationship is not straightforward, it confirms that women play a role in
climate change adaptation and that this role can be positive.While the use of a composite index of
women’s empowerment suggests that increasing empowerment does not lead to greater levels of
crop diversification, additional analysis reveals a deeper and more complex relationship between
specific components of empowerment and farmland allocation decisions. Increases in women’s
participation in production decisions have a positive effect on crop diversification. This reveals
that women may choose a more diversified portfolio of crops when they have enough bargaining
power. A similar effect can be attributed to expanding women’s social relationships outside the
home via group membership, which increases women’s access to information and their
bargaining power within the household. These results confirm what other studies have found,
that genders have different priorities for the use of farmland (De Pinto et al. 2019) and that gender
influences the management of landscapes (Villamor et al. 2015).
On the other hand, women’s control over assets seems to lead to less diversification. While
this finding deserves additional exploration, we can offer an explanation based on existing
evidence that suggests that in Bangladesh the poorest women are more willing to defy local
norms and accept work outside the home, such as agricultural wage work (Heintz et al. 2018).
Therefore, women with fewer assets may be more engaged in agricultural production activities
and influence land allocation towards crops for which they provide more labor, such as
vegetables, pulses, and cash crops (Rahman 2000), or those they produce for household
consumption purposes. Conversely, women with greater wealth may choose to limit their
involvement in agriculture given the stigma associated with working in agriculture (Kabir et al.
2019), thereby increasing men’s say in production decisions.
6 Even though the statistically significant parameter for vegetables suggest that land allocated to their production
should increase, so does land allocated to cereal inducing an even higher concentration of land on cereals. One
can use the estimates marginal effects to evaluate the changes in the two diversity indexes considered. For
example, considering the estimates for the education level in model 2 (Table 6: 0.0007; 0.0004; 0.0002) and
sample mean of all land allocations (Table 1: 0.66, 0.09, 0.005, 0.245), the Shannon’s diversity index decreases
from 0.496 to 0.495.
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The complex relationship between crop diversification and women’s empowerment illus-
trated by our results is consistent with other research in Bangladesh that shows how different
aspects of empowerment affect outcomes in different ways (Malapit et al. 2018). Although
more research into these processes and additional methods of analysis should be deployed to
better understand what women’s empowerment means for rural women in Bangladesh, our
findings are consistent with the broader research on gender and climate change adaptation. This
research suggests that although constrained by social norms, women are important determinants
and contributors to households’ resilience to climate change and they can play a key role in
decision-making in agriculture (Ahmad 2012; Fisher and Carr 2015; Khalil et al. 2019).
Our findings are therefore relevant for the design of gender-sensitive interventions that
promote crop diversification as a form of climate change adaptation and as a way to improve
households’ adaptation capacity. More broadly, the analysis makes clear how a deeper
understanding of the mechanisms underlying women’s choices and gender relationships is
essential to make gender-sensitive interventions more impactful. Gender-informed climate
adaptation interventions could build upon and reinforce a history of successful work by NGOs
aimed at removing the constraints that limit women’s involvement in agriculture and at
promoting the adoption of rewarding agricultural technologies, such as improved varieties
for homestead gardening and polyculture fish (Birner et al. 2010; Hallman et al. 2007).
Finally, work on gender issues is increasingly becoming common among practitioners and
researchers alike, and the use of the WEAI in applied research is growing. Our study provides
further evidence that the WEAI offers important and nuanced insights into the links between
aspects of women’s empowerment and well-being outcomes. Moreover, we show that the
decomposability of the WEAI is a key feature that must be utilized whenever possible. While
different levels of analysis, aggregated and disaggregated, may produce similar results
(Sraboni et al. 2014), ours and previous analyses show that is not always the case (Sraboni
and Quisumbing 2018). Disregarding the multi-dimensional nature of women’s empowerment
can lead to spurious conclusions, and the differences in the magnitude and effects associated
with various domains of empowerment should not be overlooked because they provide
important nuance for contextualizing overall results.
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Appendix
We assume that n producers have equal access to k available inputs I with price wk which can
be combined to obtain output quantities Qj for 1….J crops that are sold at price pj. The
production technology farmers use to produce each crop can be represented by a Cobb-
Douglas functional form:
Climatic Change
Qj ¼ Gn∏k Iαk 0 < αk < 1; 0 < ∑kαk < 1 ð6Þ
Where Gn ¼ ∏Λλ¼1Gφnλ
 
is a multiplicative combination of Λ household-specific features that
affect the level of output Q.
Following Beattie and Taylor (1993) we write the indirect profit function ensuing from
eq.A1 to express the maximum per-hectare profit as a function of the output and input prices.7
Π jn p j;wkj;Gn
 	
¼ γ j p jGn∏kw−αkjkj ααkjkj
h i 1
γ j ; ð7Þ
where:γ = 1 −∑kαk.
Equation A2 can be linearized by taking the log:
lnΠ jn ¼ lnγ j þ
1
γ j
lnpj þ ln∑λGλ þ ∑k −αkjlnwkj þ αkjlnαkj
 h i ð8Þ
and rewritten as
lnΠ jn ¼ β1 þ β2lnpj þ ∑λβλlnGλ þ ∑kβk lnwkj ð9Þ
where:














The acreage cost function is a linear combination of l household-specific factors that can affect
the monetary and non-monetary costs of managing alternative crop allocations: Cn =∑lcnl.
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